Objective: To review the obstetric impact and natural history of anencephalic pregnancies beyond the age of viability. Study design: A retrospective chart review of all cases with a prenatal diagnosis of anencephaly who delivered after 24 weeks' gestation during the period 1990 until 2016. Obstetric outcomes including mode of delivery, live births, shoulder dystocia, antepartum haemorrhage (APH), postpartum haemorrhage (PPH) and uterine rupture were studied. Results: A total of 42 cases were studied. The average gestational age at diagnosis was 22 weeks (range 10-41). The average gestational age at birth was 36 weeks (range 25-44 weeks). Induction of labour was performed in 55% (23/42) of the cases. Livebirths were documented in 40% (17/42) of the cases. The average birth weight was 1597 ± 746 g. The rate of vaginal birth was 69% (29/42), the overall rate of caesarean section was 31% (13/42), with a primary caesarean section in 31% (4/13) and a repeat caesarean section in 69% (9/13) of the patients. There were two cases of shoulder dystocia. No other complications were encountered. Conclusion: Overall, anencephaly is not associated with an increased risk of obstetric complications; however, there is a tendency towards delivery via repeated caesarean section in women with a previous uterine scar and anencephaly. The prenatal counselling of potential obstetric outcomes could be of robust value for parents who opt to continue with anencephalic pregnancies.
Introduction
Anencephaly is a severe defect of the development of the neuroaxis, in which the developing forebrain and variable amounts of the brainstem are exposed in utero, due to the failure of the neural tube to close at the base of the skull in the third or fourth week (days [26] [27] [28] after conception [1] [2] [3] . It is an invariably lethal condition with no possible intervention or treatment; although some fetuses are born alive, most of them die within a few hours after birth [4] . There have also been reports of prolonged period of life; some anencephalic infants were considered as prospective organ donors and therefore survived for a week after being provided with intensive care support [5, 6] . In most cases of death in anencephalic infants, cardiorespiratory arrest apparently occurs before the cessation of brainstem functions [7] .
According to data from birth certificates reported to the National Center for Health Statistics, the prevalence of anencephaly in the US in 2001 was 9.40 per 100,000 live births [8] . The incidence tends to appear higher in countries where abortion is legally restricted [9] .
Locally the cause of having such a severe anomaly beyond the age of viability could be related to parents' religious beliefs and restricted legal termination rules in addition to other factors such as late ultrasound detection and delay in performing a fetal anatomy scan. We aimed in our study to review the obstetric impact and natural history of anencephaly beyond the age of viability, and thus to optimise the prenatal counselling.
Materials and methods
We performed a retrospective cohort study of women who delivered singleton infants with isolated anencephaly after 24 weeks' gestation at our institution during the period 1990-2016 inclusively. The diagnosis of anencephaly was made by a prenatal ultrasound and confirmed by a postnatal neonatologist examination.
Data were collected from the patients' medical records, ultrasound reports and our fetal medicine database.
Outcome variables included gestational age at diagnosis, gestational age at birth, maternal diabetes, induction of labour, caesarean delivery, live births, stillbirths, shoulder dystocia, uterine rupture, antepartum haemorrhage (APH) and postpartum haemorrhage (PPH).
The study was approved by the hospital's Institutional Review Board.
Results
A total of 42 patients who delivered anencephalic fetuses after the age of viability during the study period were identified and studied. The average maternal age at birth was 28 years (range 20-42). The average parity was 2 (range 0-9). Twenty-one percent (9/42) of the patients were primigravidae. Maternal pre-existing diabetes was observed in 12% (5/42) of the patients. The gestational age at diagnosis was 22 weeks (range 10-41 weeks). Seventeen percent of these cases (7/42) were detected prior to 18 weeks' gestation, while the gestational age at birth was 36 weeks (range 25-44 weeks).
The average birth weight [mean ± standard deviation (SD)] was 1597 ± 746 g (range 530-3190 g). Stillbirths were reported in 60% (25/42) while the fetuses were born alive in 40% (17/42) of the patients; however, all died within the first day of life.
Vaginal birth was achieved in 69% (29/42) of the patients. Induction of labour was performed in 55% (23/42) of the patients. There were no differences in achieving vaginal birth in the group who had induction of labour compared to spontaneous labour with a rate of caesarean section of 13% (3/23) compared to 10% (1/10), respectively (P-value = 1).
The overall rate of caesarean section in our cohort was 31% (13/42), with a primary caesarean section in 31% (4/13) and a repeat caesarean section in 69% (9/13) of the patients. The indications for primary caesarean sections were failed induction in two cases, abnormal lie in one case and shoulder dystocia in one case, in which after a failed trial of delivering the foetal body using standard manoeuvres for shoulder dystocia management, which included McRoberts manoeuvre, suprapubic pressure, internal rotational manoeuvres and delivery of the posterior arm, the fetal body was delivered through cephalic replacement into the pelvis followed by a caesarean section (Zavanelli manoeuvre). There were a total of two cases of shoulder dystocia of which none were diabetic. There were no reported cases of APH, PPH, complicated caesarean sections and uterine rupture.
Discussion
Based on our local rules and ethical regulations, termination of pregnancy is not entirely prohibited. In fact, termination is permissible after being reviewed by the hospital ethics board in cases of a confirmed lethal or severe fetal anomaly but the gestational age is limited to 19 weeks or less. Therefore, some women would have missed the chance of being offered termination of pregnancy if the diagnosis was made beyond that gestational age; in addition, some parents might opt to continue with pregnancy regardless of the pregnancy outcome for various social and/or religious reasons.
It is important to address with the parents all the potential possibilities of maternal outcome especially when the termination of pregnancy is not or no more an option.
In our cohort, the average gestational age for ultrasound detection of anencephaly was 22 weeks which is around the recommended gestational age for the fetal anatomy survey.
Prenatal detection of anencephaly by ultrasound is high and reliable at 10-14 weeks' scan [10, 11] ; however, less than one fourth of our anencephaly cases were detected by ultrasound prior to 18 weeks' gestation. Lack of adherence to a universal structured foetal screening programme within the government and private sector and perhaps lack of public awareness might be potential causes of a late maternal presentation. The International Society of Ultrasound in Obstetrics and Gynaecology (ISUOG) in 2011 recommended that countries where pregnancy termination is restricted should balance detection rates against the time needed for counselling and investigation [12] .
Despite the routine anatomy screening being at 20 weeks' gestation, Blaas [13] reported that some major anomalies, such as anencephaly, can be diagnosed as early as 9 weeks. However, the diagnosis at this very early gestational age is still unreliable. Nevertheless, the first trimester screening at 11-14 weeks would provide more reliable information about the foetal anatomy, which is comparable in several aspects to anatomy scans performed in the second trimester. The sensitivity of first trimester anatomy screening significantly increases with gestational age (from about 45% at 11 weeks to 75% at 14 weeks) and strong differences exist between the organ systems [14] [15] [16] .
An early anatomy ultrasound will detect structural nongenetic defects and defects associated with genetic anomalies other than the common trisomies [17] .
The additional value of an early foetal anatomy allows expecting parents to provide informed decision regarding further management of their pregnancy, that includes the option of pregnancy termination [18] . It also allows them more time to consider their options, rather than being pressed by the legal time constraints on pregnancy termination in the late mid-trimester [17] .
Countries where termination of pregnancy is limited to certain gestational age would benefit from adopting an early foetal anatomy screening program [19] . Additionally, maternal safety can be more achievable when the termination of pregnancy is opted to be done early rather than late in gestation [20] .
The rate of stillbirths in our anencephaly cohort was 40% which is similar to that observed in a previously published anencephaly series by Obeidi et al. [4] of 42%. However, in the same series they reported a higher rate of shoulder dystocia of 16% (4 out of 25) while we reported shoulder dystocia in 4% (2 out of 42). Shoulder dystocia in anencephaly is not uncommon, that is possibly attributed to a diminished head size, which does not dilate the cervix enough and delivers the head with lesser dilatation of the cervix while the shoulders, though normal unlike in macrosomia, get stuck [21] . None of the shoulder dystocia patients in our cohort were diabetic, which supports that anencephaly could be an independent risk factor for shoulder dystocia.
Induction of labour might carry an increased risk for caesarean section [22] . However, in our cohort there were no differences in achieving vaginal birth in women who were induced compared to women who spontaneously laboured. That is possibly because often the standard foetal monitoring is not implemented in severe foetal anomalies such as anencephaly and therefore caesarean sections for foetal reasons do not apply based on our beneficence-based obligation to the pregnant woman to allow her to avoid caesarean delivery, which would be of little benefit to the foetus [23] .
In our cohort, we could not find an increased rate of obstetric complications such as APH, PPH and uterine rupture; however, we found an increased rate of repeat caesarean section; around two thirds of the indication for caesarean sections in our cohort was a previous caesarean section.
The risk of repeated caesarean sections should be addressed in women with a previous uterine scar especially in anencephalic pregnancies as the risk of having a post-term pregnancy (prolonged gestation) is increased due to the hypothalamic-pituitary axis dysfunction [24] . In addition, induction of labour might not be a reliably safe option in women with a previous caesarean section due to an increased risk of uterine rupture [25] [26] [27] .
Parents who plan for larger families should be counselled that the more caesarean sections a woman has the more risk would be anticipated for future pregnancies particularly massive obstetric haemorrhage and hysterectomy due to the increased risk of abnormal placentation [28] [29] [30] .
Prenatal counselling should be therefore individualised based on the patient's obstetric history and parents' wishes for the current and future pregnancies.
Our study is the largest series to specifically address the maternal outcome when anencephalic fetuses are delivered after the age of viability. We would recommend performing an early fetal anatomy ultrasound, and thereby ensure that parents are adequately and timely counselled about their available options including the option of termination of pregnancy.
We would also recommend further studying the mode of delivery and the rate of caesarean section in similar cases as well as studying the future pregnancy outcomes of women with previous anencephalic pregnancies.
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